Introduction
For the United States to retain its position as a global leader in engineering and technology, more primary and secondary school-aged students need to be exposed to and encouraged to pursue these fields. To this end, the Project Lead the Way (PLTW) pre-engineering curriculum was created in 1997 and taught in 12 upstate New York high schools. Since that time, PLTW developed pre-engineering programs for middle school and elementary school and created biomedical science and computer science programs. At the start of the 2014-15 school year, 6,500 schools spread across all 50 states and the District of Columbia were offering 7,500 PLTW programs.
1 To effectively deliver the PLTW curriculum, teachers need to be proficient in a variety of software applications and engineering topics. Maryland began offering the PLTW curriculum in 2002. By 2009, the state had 80 high schools and 34 middle schools teaching PLTW, reaching 100 to 250 students per school, and in 2014 the pre-engineering curriculum was being taught in 106 high schools and 81 middle schools.
2 K-12 teachers express a need and appreciation for the technology integrated into the PLTW curriculum that keeps their students invested and interested in engineering using real-world applications.
As reported by the American Association of Community Colleges, teachers look to community colleges for access to advanced technology and effective strategies. 3 For the past seven and a half years, The Community College of Baltimore County (CCBC) has provided that access through National Science Foundation (NSF) and Maryland Higher Education Commission funded grants. In order to build teacher confidence and increase their knowledge of the technological software used in the PLTW curriculum, CCBC developed software specific professional development (PD) training for Maryland's middle and high school PLTW teachers. The training in Maryland has been conducted with the support of The University of Maryland, Baltimore County (UMBC), Maryland's PLTW Affiliate University, for the pre-engineering program. UMBC provides training, support and PD to guidance counselors as well as PLTW teachers. Maryland's PD training program has evolved over the years and has been replicated in eight states nationwide through the sponsorship of NSF grant DUE 1003317.
College professors and PLTW Master Teachers (PLTW teachers who are content experts and teach the summer core training sessions) conduct the PD training which is designed to reinforce and build on the technical knowledge gained during summer training and while teaching. Training has been conducted for three levels of Autodesk Inventor (Inventor), two levels of fischertechnik educational building system (fischertechnik), Revit, MDSolids, civil engineering concepts, VEX robotics with ROBOTC, and digital electronics (DE) -sequential logic, combinational logic, and myDAQ Digital MiniSystem and the Parallax DE Sensor Kit with Arduino. A train-the-trainer model was used to implement Maryland's training program in other states. A total of eleven states participated in the train-the-trainer program, with nine ultimately conducting the PD training. Directors of the Affiliate Universities were provided access to a site on the PLTW webpage or a CCBC hosted site containing documents describing the program and the materials utilized for the training.
The original objectives of the PD program were to: design curriculum; develop and coordinate training partnerships between community colleges and four-year institutions; continue to expand training opportunities; provide consulting and advising services to seven PLTW Affiliate Page 26.1259.4
Universities that adopt the on-going PD curriculum; and make the program available for adaptation nationwide. These objectives were met and expanded upon to include addition sites and additional training topics.
Background

The Community College of Baltimore County
CCBC is the largest community college in the state of Maryland with an enrollment exceeding 67,000 in 2014 nearly equally split between credit and non-credit students. The college mission is to provide an accessible, affordable, and high-quality education that prepares students for transfer and career success, strengthens the regional workforce, and enriches our community. Providing training to PLTW teachers in Maryland and surrounding states fits well with the college's mission by increasing their knowledge and confidence teaching engineering topics. The training enables the teachers to offer enriched instruction in the classroom resulting in a more technically knowledgeable student. Working with UMBC to provide the PD also supports the mission of the college. Parking and daytime room availability is often scarce when classes are in session at universities making a community college such as CCBC a preferred location for the training. This collaboration could lead to CCBC hosting additional functions in conjunction with the four-year university and help to forge a partnership with beneficial results for students transferring from CCBC to UMBC.
STEM Education
The results of a study that evaluated a number of engineering curriculum projects, from small to large, determined that when done well, engineering projects are meaningful to a student's personal experience. It is easier for them to relate to how a city or a bridge is constructed than an abstract geometry problem or even a science experiment. Engineering is a problem-solving discipline that through iteration, experimentation, inquiry and research can capture the interest of a student. 4 The skills and knowledge students should gain through technology education were established by three national documents: Benchmarks for Science Literacy, 5 National Science Education Standards, 7 and Standards for Technological Literacy. 8 All three documents state that through design, engineering, and technology, students should be able to understand the reciprocal relationships between science and technology, and understand or apply the engineering design process, recognizing design constraints and trade-offs of each design. 8 Unfortunately, there exists a lack of access to adequate resources -including qualified STEM teachers. 9 According to the National Science Board (NSB), teacher quality is one of the most important factors that influence student learning, and ongoing professional development is one of the factors that affect teacher quality. The NSB cited work done by researchers Boyd, et al.; 10 Clotfelter, Ladd, and Vigdor; 11 Goe; 12 Guarino, Santibanez, and Daley; 13 Hanushek; 14 and Harris and Sass 15 that corroborates the positive impact that high-quality teaching has on student achievement. Other factors that are difficult to measure but may also make teachers more Page 26.1259.5
effective are their ability to engage and motivate students, and to determine and overcome difficulties students are having learning. 16 Referencing Boyd et.al., 17 the National Center for Education reported that in 2012, although 41% of middle school science teachers and 82% of high school science teachers held degrees in their teaching field or in science education, both middle and high school science teachers reported very little preparedness for teaching engineering. Only 6% of middle school teachers and 7% of high school teachers reported feeling very well prepared. 18 Because K-12 teachers lack confidence in their abilities to teach design and engineering, they shy away from implementing engineering concepts into the classroom. 19 In addition, data gathered during the first three years of an attrition study being conducted by the NSF, National Center for Science and Engineering Statistics shows that beginning secondary mathematics and science teachers leave at a much higher rate than all other beginning secondary teachers. For the new secondary mathematics and science teachers in the study who began in 2007-08, the attrition rate was 25% after three years compared to 10% for all other new secondary teachers. 20, 18 The National Center for Education also reported that, "Professional development enables teachers to update their knowledge, sharpen their skills, and acquire new teaching techniques, all of which may enhance the quality of teaching and learning. 21, 22 Research indicates that teacher professional development can have measurable effects on student performance." 23, 18 Project Lead the Way Project Lead the Way is a not-for-profit organization that has developed pre-engineering courses for middle and high school students and provides training to teachers who deliver the curriculum. Students are offered real-world learning in a variety of areas, including engineering, biomechanics, aeronautics, and other applied math and science areas. PLTW works with Affiliate University Partners from across the country to provide PD experiences for PLTW teachers in their region. The program offers a hands-on, project-based approach to learning that better prepares students for the rigors of college while realistically introducing students to the engineering field. The program incorporates math, science, English, and technology skills needed for success and utilizes processes that encourage female and minority participation.
PLTW students outperform their peers in school and are more likely to consider STEM careers. Data from a study of 59,917 Indiana high school graduates, showed that students who participated in PLTW in high school were three to four times more likely to major in engineering than their non-PLTW peers, and if they took three or more PLTW courses, they were eight times more likely to study engineering in college and six times more likely to study STEM. PLTW students, especially those that had taken three or more PLTW courses, also had a higher retention rate into the second year of college than their peers.
24
As reported by PLTW, analysis of the 2009 True Outcomes survey of PLTW students at the end of their senior year, showed that 70% intended to study engineering, technology, computer science, or another applied science, and 93% intend to pursue at least a two-year or four-year degree after high school. 25 In addition, the Southern Regional Education Board's 2007 report, "Project Lead the Way® Works: A New Type of Career and Technical Program" indicates that PLTW students achieve significantly higher scores in mathematics and science on the National Page 26.1259. The time between when a teacher attends a training course and the time they utilize the software in class could be weeks, months or even years. As a result, teachers forget various applications and require retraining as well as skill enhancement to challenge more advanced students. Since teachers' knowledge and perception of a subject is closely related to their self-confidence in teaching that subject, it is important to provide teachers with targeted professional development to bolster their skills as well as their confidence.
Methodology
Pilot Programs 2007 to 2010
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CCBC's first pilot PLTW PD program was launched during the 2007/8 school year through a grant from the Technology and Innovation in Manufacturing and Engineering (TIME) Center, a NSF ATE regional center, and with the support of UMBC. The pilot program was designed to build technical competence and classroom confidence in Baltimore County middle and high school teachers in the use of Inventor and fischertechnik, which were required for multiple middle and high school PLTW courses. Baltimore County Public Schools supported this PD training and provided substitutes for teachers who participated. The Engineering Coordinator at CCBC was the Coordinator for the project acting as liaison between CCBC personnel, UMBC, Baltimore County administrators, the TIME Center, PLTW teachers, and the instructors.
The Inventor training was a one-day eight-hour session taught by the local Autodesk distributer.
The fischertechnik training was a seven-hour session conducted by a CCBC computer science professor. Prior to the fischertechnik training, participants completed a Team Building Survey that assessed the teachers' comfort with a computer, experience with fischertechnik and programming, and personality type. This information was used to form project teams.
Effectiveness of the training was ascertained using a self-evaluation survey that encompassed content knowledge, usefulness of the topics covered, the instructor, the facilities, and the location. Teachers answered a series of questions using a scale of 1 to 10. For content knowledge, a 1 indicated no knowledge, 5 indicated they were familiar with the content and a 10 response indicated they were very knowledgeable -an expert. For usefulness, the scale was 1 = not at all, 5 = helpful, and 10 = imperative to have. For the other areas, a 1 was poor, 5 was fine and 10 was excellent.
When designing the PD training program for the 2008/9 school year, a number of key elements were reviewed including: frequency of training, timing during the year, length, and location of the training sessions, identification of instructors, and creation of an evaluation tool. The topics to cover and overall organization of the sessions were also re-evaluated due to the disparity of teacher knowledge and experience. Ultimately, it was decided to conduct three training sessions for Inventor and for fischertechnik over the course of the school year on CCBC's campus. The training sessions were held on different days in the fall and spring for 4 hours each day and on the same day in the winter for six hours -3 hours on each topic. This enabled teachers traveling far distances to make the training and allowed local teachers to avoid rush hour traffic. The schedule also made it possible for a teacher to attend both the Inventor and the fischertechnik training series. A local Master Teacher who teaches at the Core Training held at UMBC was engaged to conduct the Inventor training.
Based on the success of the 2007/8 pilot program, the Maryland State Department of Education, Division of Career Technology and Adult Learning awarded CCBC a grant for the 2008/9 school year that broadened teacher participation by making the PD available to PLTW teachers throughout the entire state of Maryland. The TIME Center provided additional support as did CCBC's Career and Technology Education office which funded substitutes for teachers from schools in need of assistance. Teachers were assessed a $30 fee per course that covered lunch for all three sessions. Page 26.1259.8
A total of 22 teachers attended the Inventor training and 14 attended the fischertechnik training. The participants, who come from 10 jurisdictions, completed a pre-assessment survey to establish a base line of knowledge and to help the instructors develop the course agenda and form teams. The self-assessment was retaken after each of the training sessions. For fischertechnik, a multiple choice test was also administered to garner an objective evaluation of teacher knowledge. Throughout the training, the instructors modeled the same effective pedagogies they advised teachers to use in their classrooms, giving the teachers the tools they need to engage students and to teach them to understand and apply the new concepts.
Based on teacher feedback, it became apparent that a manual was needed for use with fischertechnik. The TIME Center awarded CCBC a grant with matching funds from PLTW headquarters to develop a manual during summer 2009. The new manual provided teachers with a readily accessible source of information related to RoboPro software and fischertechnik components, including illustrations and step-by-step assembly instructions for the various PLTW projects and was utilized for the PD. Prior to the development of the manual, no documentation existed for teachers' use constructing the fischertechnik projects.
To reach the new teachers who most need the PD, in addition to sending an email to all Maryland PLTW teachers, both the schedule and cost were posted on the UMBC Blackboard site for the PLTW 2009 summer Core Training.
Key elements of the PD continued to evolve for the 2009/10 training. While the 2007/8 and 2008/9 training programs were designed to refresh skills and provide a continued overview of functions, they also included advanced material that went beyond the standard curriculum. Due to the disparity in teacher knowledge of and experience with the software and applications, both the Inventor and fischertechnik classes were divided into two levels to best meet the needs of the teachers. In addition, training on CEA software (Revit and MD Solids) and civil engineering applications was added at the teachers' request.
Another key change was the reduction in the number of sessions from three days to two to minimize the cost for substitutes. Sessions were held in early fall and winter and were increased to seven hours in duration. Since teachers had to take off the entire day to attend the training, there was no increase in cost for the extended time. A local Master Teacher with mastery of Revit and the Coordinator -a civil engineer and Affiliate Professor for CEA were enlisted to teach the civil engineering concepts, Revit and MD Solids. Lastly, multiple choice and application oriented evaluation tools were created or revised for each topic to better document teacher progress and understanding. The cost of the training was covered by charging schools $129 per teacher per session, and through a grant from the TIME Center.
Train the Trainer Project 2010-13
Based on the results of the 2007/8 and 2008/9 trainings, PLTW headquarters was contacted to ascertain the need for a national train-the-trainer PD model for the purpose of improving the effectiveness of teachers delivering the PLTW curriculum. In Spring 2010, the MTT began working with three trainers and a Coordinator from RIT and Sinclair CC. The following spring, trainers and Coordinators from South Carolina, Purdue and SDSU were trained. In Spring 2012, training was conducted for the UT Tyler and MSOE trainers and Coordinators. Following the training, the Coordinator and trainers from each of the Affiliate Universities were prepared to offer PD training to the PLTW teachers in their region for the duration of the three year grant with the expectations of reaching approximately 80 middle and high school teachers per year at each location. The NSF sponsored project was projected to involve 260 secondary school teachers during the first year, 530 teachers during year two, and 643 teachers in year three, potentially impacting a total of 1,433 PLTW teachers and 36,000 secondary school students over the three-year period. To determine the effectiveness of the training, data was collected using the same teacher assessments pre-and post-training.
Newly developed Inventor and CEA software assessments were administered at the conclusion of the 2010 UMBC PLTW CEA and IED summer core training courses. Results were used to identify areas where teachers needed additional training. Teachers were asked for feedback on the assessment and some modifications were made accordingly. Nearly all of the teachers stated they could have done better if they had longer than the one hour time limit. The CEA assessment in particular showed a need for additional PD with teachers scoring between 46% and 85% with 6 scoring below 60%. including: where they attended summer core training, when they were trained, and the number of times they taught a related PLTW course (if at all). The information was downloaded to an excel spreadsheet and required "student" information was manually entered into CCBC's system. Teachers were then able to obtain their student ID and password by following a set of detailed instructions, in order to access the course for which they registered.
Registration and data management was handled in a similar manner for 2011/12 however, at the end of the 2011/12 training period, CCBC transferred its PD training materials and information to the PLTW website. PLTW headquarters was provided access to current data, information, curriculum, materials, and the fischertechnik manual. They were also given the ability to make the training or components of the program available for implementation by any Affiliate University using a password-based login. In addition, questions used for the teacher assessments were made available for inclusion in PLTW student assessments.
Each year, the MTT instructed their counterparts from the Affiliate Universities in the methodology, organization of the training, and the assessment tools utilized for the courses offered. In 2010/11, topics included: fischertechnik (two levels), Inventor (two levels), and software and applications for the CEA course (Revit, MD Solids and civil engineering topics 
Program Content
The MTT and other content experts created and codified materials needed to conduct the PLTW teacher PD. In order to do so, they determined the skills and course content needing reinforcement and enhancement in order for PLTW teachers to effectively instruct students in the 
Teacher Survey
Beginning with the pilot training, a teacher survey was administered at the conclusion of each training session to gather information on teacher knowledge and quality of the training. In 2010, a survey was developed by the NSF grant external evaluator to provide more insight into the effectiveness of the program. The purpose of the survey was to gain feedback about teacher satisfaction with various aspects of the training and to assess its perceived impact on their knowledge and skills related to the subject matter, particularly as teachers were looking ahead to incorporate what they had learned from the training into their teaching. Using both Likert-scale Page 26.1259.
12 questions and open-ended questions, feedback was gathered on the registration process, instructor knowledge and responsiveness, interactions with other teachers, pace of training and the amount of material covered, use of technology, and training facilities. In addition, data on teachers perceptions of how well they felt prepared to integrate what they learned into their teaching, whether they would benefit from additional training, and how well their expectations were met, was also gathered.
Results and Discussion
Pilot Program 2007/8
Feedback on the training was very positive from all 8 middle school and high school teachers who attended the Inventor training and the 10 teachers who attended the fischertechnik training. Based on the self-assessment given before and after the training, content knowledge increased dramatically. On a scale of 1 to 10, with 1 = no knowledge, 5 = familiar with content and 10 = very knowledgeable/expert, the average score for all content areas for Inventor more than doubled, increasing by 4, from 3.7 to 7.7. The increase for fischertechnik was similar, increasing by 4.2, from 3.4 to 7.6. In post-instruction surveys, instructors were rated 10 on a scale of 1 to 10 for knowledge and effectiveness. The topics covered were rated from "helpful" (5) to "imperative to have" (10) on a scale of 1 to 10. In addition, teachers -especially the middle school teachers, appreciated being given a broader perspective of the capabilities of the software.
Pilot Program 2008/9
Data from the second year of PD suggests that the sessions were very effective in enhancing teachers' technical skills and building teacher confidence. Throughout the year, modifications were made to the structure of the classes and to the content based on teacher input and disparity in content knowledge. Gains were made in teacher knowledge, however due to changes made to the evaluation tools and some teachers being unable to attend all three sessions or not completing the post-evaluation, the results are not a direct comparison. Scores on the Inventor assessment, which was conducted as a self-evaluation, showed significant gains in teacher knowledge increasing 7.2% after the first session, 27.6% after the second session, and 84.3% after the third session (all in comparison to the beginning scores). Results of the fischertechnik assessment showed overall improvement in scores, however, the results were not consistent. The first session of fischertechnik training yielded an average 26.5% increase in teachers' correct test score responses, however, after the second session, the scores were only 11.2% above the beginning scores. With the exception of one teacher whose score decreased, the balance saw increases of 6% to 28% in their scores.
Feedback on the post-training survey was strongly complimentary with teachers finding the training very beneficial. Many requested additional time and training, particularly in advanced concepts. When asked who would like to attend training during the 2009/10 school year, 100% of the teachers stated that they would attend.
Based on the 2008/9 PLTW training test results and feedback from the teachers attending the sessions, the program was found to be very successful but needed to be modified. It became Page 26.1259.13 evident that both the Inventor and fischertechnik training needed to be conducted at multiple ability levels to make more efficient use of instruction time. Having the teachers in the appropriate level allows the instructor to cover material at a rate that is appropriate for the vast majority of the teachers, makes better use of teachers' time by reinforcing concepts in which they need improvement, and provides an opportunity for teachers to achieve multiple levels of training if the different levels are offered progressively throughout the year. Moving at an appropriate rate also minimizes teacher frustration by keeping the weaker teachers from getting lost or feeling overwhelmed and the more knowledgeable teachers from getting frustrated by starting at a very basic, introductory level. In addition, the number of sessions needed to be reduced from three to two per topic to maximize attendance at both sessions and to minimize the cost for substitute teachers. As a result, new evaluation tools were developed to target the material covered in the different sessions and levels. In addition, teachers suggested that exam weeks and end of semester time periods should be avoided. Their input was incorporated into the 2009/10 program schedule.
Pilot Program 2009/10
In 2009/10, Maryland schools experienced budget cuts resulting in many teachers being unable to attend the training due to the cost of the substitute. As a result, although a need existed for two levels of training for fischertechnik and Inventor, only Level 1 sessions were offered.
Both the fischertechnik and Inventor assessments were modified after the first session to better ascertain the teachers' understanding of software related concepts and the application of the software. Although the changes made a direct data comparison inapplicable, the post-training assessment results did show that the teachers had a good basic understanding of the fischertechnik building system and RoboPro, and were able to create drawings of various complexity using Inventor following training.
A total of six teachers attended the CEA training; four the first session and four the second session including two teachers who attended the first session. Of the six, only two had attended the PLTW summer core training. As a result, more time was allocated to teaching Revit during the first session. Also, a broad range of civil engineering topics was covered rather than just MDSolids and structures as had been intended and initially assessed. On the structural assessment, the two experienced teachers scored 29% and 57%, and the rest scored 0%. Based on the need for training in a variety of areas, the CEA PD was changed to incorporate each of the major civil engineering topics covered in the curriculum: structures, MDSolids, soil analysis, surveying, heat loss/gain, and water pressure.
From the results of the pilot programs, the MTT found that having an assessment that accurately determines a teacher's content knowledge is critical to determining the success of the training as well as the preparation of the teacher to teach the curriculum. An "I do not know" option was added to the multiple choice selections to eliminate the impact of guessing while allowing for teachers to make an educated choice when they are not sure of an answer. Also, structuring the assessments in multiple parts with application oriented multiple choice questions allowed teachers to answer more questions and demonstrate their knowledge of different aspects of an Page 26.1259.14 application compared to the pure application assessment. Previously, if a teacher reached a step they were unable to complete, they could not respond to any further questions.
Train the Trainer Project 2010 to 2014
The results of the PD assessments and surveys consistently showed that the training was very effective in boosting technical skills and building teacher confidence. Teacher feedback regularly included requests for additional training time as well as PD in advanced concepts. By adding specialized training to address higher skill levels, PLTW teachers are able to ensure that their students' capability to excel is not limited by their own lack of advanced instruction.
Following an Inventor Level 3 training session, a teacher wrote, "I've learned several new commands that I would never have time to discover on my own. This will make modeling easier and give my most accomplished students more tools to use." These sentiments were echoed by an Inventor Level 2 teacher who responded, "I have a better feel for the software and will have an easier time facilitating the learning of exemplary and driven students. I learned features and shortcuts of Inventor that will save me and my students a lot of time in creating spec sheets. I have also learned some new techniques and ideas for teaching IED in my school and how to address file organization with my students."
Between 70 and 75% of the teachers attending the training each year were male and three-fourths were high school teachers (the others were middle school teachers). Of those providing information about their prior teaching experience, in general, more than a third had not taught the PLTW class for which they were attending training and close to a third had only taught the course one or two times. Of the remaining third who had taught the course 3 or more times, more than half were very experienced having taught the class 5 or more times. There was a greater percentage of experienced teachers in attendance at the higher level training sessions than at the Level 1 sessions as would be expected, however there was a surprisingly large percentage of inexperienced teachers attending the higher level sessions, especially those who had never taught the course before. The experience data below from 2013/14 along with fischertechnik data from 2010/11 is typical and clearly shows that even experienced teachers are in need of and benefit from continued PD training. 
Survey Results
Teachers completed a participant survey that invited them to rate the effectiveness of various procedural aspects of the professional development sessions. The data shows that impressive improvements were made in the management and production of the professional development sessions over the years. The biggest improvement was in the registration process which increased from a rating of 3.95 out of 5 to a high of 4.61 with the elimination of manual data entry. Likewise, ratings for the pace of training and amount of material covered improved with the addition of the third level of Inventor, the separation of digital electronics into combinational logic and sequential logic, and the separation of civil engineering topics and Revit into separate sessions. 
Open Ended Responses
In addition to the quantitative survey items, teacher feedback was requested in open-ended responses to the survey. The positive feedback was echoed in the written responses, particularly with respect to the effectiveness and responsiveness of the master teachers who led the sessions, and teacher receptiveness to attending additional training in the future. Teachers acknowledged their need for ongoing practice and professional development with the applications so they do not lose the knowledge and skills gained from the training. For example, "Everything was excellent and perfectly executed. Would be happy to participate again." When asked how the training had impacted them, teachers frequently indicated that it had increased their knowledge and confidence in working with the applications, and that it had provided new ideas and resources for teaching the PLTW curriculum in their classrooms. As one teacher stated, "Very helpful and increased my knowledge of Auto-desk. Realized I am not the only one that felt incompetent at the beginning of the training and feel more competent now!"
When asked about any challenges they were anticipating in applying what they had learned from the PLTW professional development into their classroom teaching, participants most frequently cited their concerns about technical challenges working with the hardware and software (and often the lack of IT support in their schools), the availability of sufficient numbers of kits and materials in their schools, and the pressures of on-the-spot troubleshooting with their students. Concerns with the time commitment associated with incorporating what they had learned into instruction and the need for adaptations when using the technology with middle and high school students were also sited.
Participants also frequently responded that they would like more opportunities to work on PLTW activities with other teachers. For example, a DE teacher wrote, "I learned some new techniques and tricks, particularly with software and technology associated with the course. And these are things I believe I would only learn by interacting with other teachers led by a master teacher." When asked to whom they would most likely go for ongoing support related to the PLTW experiences, 44% said that they would most likely contact the instructor who taught the session. Equally impressive is that approximately one third of responders said that they would reach out to a fellow teacher who took the training with them. This finding suggests that participants may be able to form the beginning of positive professional-peer relationships that could lead to shared knowledge about content and strategies for teaching concepts in classes.
Lessons Learned
Over the seven years the PD was conducted, many lessons were learned that can be applied to different types of technical training and PD training in general. To maximize the success of a training program, the following steps should be followed: 1) determine areas where teachers lack confidence and knowledge; 2) source funding; 3) identify and get commitment from resources Page 26.1259.21
including technical personnel and systems; 4) develop content to include in training and a repository for the content; 5) develop an assessment to determine the success of the training; 6) market the training; 7) set up registration and data collection systems; 8) conduct the training; 9) analyze the results; and 10) make modifications based on the results of the data collected and feedback from trainers and participants.
The greatest, and most time consuming challenge was collecting data to ascertain the successfulness of the PD. This required the development of multiple choice assessments that could be tabulated electronically and completed in less than 45 minutes. For application oriented software, questions needed to be developed that required the teacher to perform an application in order to answer correctly without submitting the file itself for grading which was too cumbersome for both the teacher and the MT. Strategies employed to get teachers to complete the pre-and post-assessments were: inform teachers about the need to take pre-and postassessments in the invitation letter; add a field to the registration form stating, "I understand that completion of a pre-and post-assessment is required for each course attended" and require teachers to acknowledge the statement in order to register; set a deadline one week prior to the start of training for the teachers to take the pre-assessment and make attendance contingent on its completion; allocate time at the end of the training session for the post-assessment to be taken prior to the teachers leaving; and only award continuing education credit or pay for a substitute if the pre-and post-assessments are completed.
Marketing of the PD is critical to maximize the number of teachers receiving training. Training dates (including snow dates if applicable) and general information need to be posted as early as possible on state-wide training schedules for budgeting purposes and for scheduling of substitutes and preparation of lesson plans well in advance of the PD. Some additional marketing and recruitment strategies include contacting target teachers directly and offering Continuing Education credit, a lucrative incentive for teachers to attend.
The technical side of a training program is critical to its success. Making every aspect as easy as possible, from the registration process to accessing and completing assessments and surveys, will have a positive impact on participation. Also, having the ability to capture and download assessment and survey data greatly simplifies the analysis of the data and provides justification for further training.
Timing of the training sessions is very important as well. Some colleges have fewer classes scheduled on Fridays making it a preferred day of the week. Also, scheduling the training on professional development days eliminates the need for a substitute. The first week of the host college's spring semester, long weekends, and secondary school standardized test days should be avoided.
Conclusion
CCBC's evolving model for enhancing PLTW teacher knowledge in various software applications, has met with significant success. Teachers from across the country filled over 2,000 seats at PLTW professional development training sessions. Teachers from 15 states and D.C. participated in the training hosted by nine different states, resulting in substantial gains in Page 26.1259.22
teacher confidence and their proficiency in applying software applications. In addition, the training established a line of communication and support for teachers, presented teachers with additional projects and topics to cover with students, and addressed different learning styles increasing their ability to effectively deliver the material to their classes.
Offering teachers the appropriate level of instruction allowed instructors to cover material at a rate that was appropriate for the vast majority of the teachers, made better use of teachers' time by reinforcing concepts needing improvement, and provided an opportunity for teachers to achieve multiple levels of training if the sessions were offered on different days.
